Negative regulation of Wingless/Wnt signaling plays an important role in embryonic patterning and is also needed for tumor suppression in adult tissues. New findings in Drosophila reveal a novel mechanism for down-regulating the activity of the Wingless/Wnt pathway.
zw3; wg embryos display a lawn of denticles similar to that of wg single mutants. Thus, even in the absence of Zw3, Wg signaling is capable of producing a patterned response in the epidermal cells. Apparently this is accomplished by regulating the reduced levels of Arm produced from the hypomorphic alleles used in this study.
One interpretation of these results is that Zw3 has a non-specific role in mopping up cytoplasmic Arm. Zw3 may act constitutively to keep Arm levels low, providing a sensitized cellular environment so that small increases in Arm stabilized by Wg signaling can control transcriptional events. When Zw3 is removed mutationally, the resulting flood of cellular Arm swamps out these more subtle regulated fluxes. Using a mutant form of Arm tempers this flood and allows detection of the events regulated by Wg signaling. One should note, however, that these events are detected at the level of the final output of pathway activity: the cuticle pattern. No segmental differences in Arm levels can be detected in the arm zw3 double mutant: they are uniformly high, as they are in zw3 single mutants. The lack of detectable 'striping' in the Armadillo protein distribution, which in a wild-type embryo coincides with the Wg-secreting stripes of cells, suggests that Arm stability alone may not explain the cell-fate decisions.
As mentioned above, Zw3 interacts physically with Axin, which binds to Arm and APC as well as Dishevelled (Dsh), a critical positive regulator of pathway activity [10, 11] . Because of the association with Dsh, it had been assumed that this large complex is central to regulation of the Wg pathway. As described above, one component of the complex, Zw3, appears to function in an unregulated part of the process. Thus the question becomes which part, if any, of the destruction complex is regulated to produce transcriptionally relevant Arm fluxes. Tolwinski et al. [7] When the uniformly expressed axin transgene is crossed into arm zw3 double mutants, it yields Axin striping similar to that observed in wild-type embryos. This is consistent with the cell-fate specification reflected in the cuticle pattern. So even though the absence of Zw3 results in uniformly high levels of Arm, the levels of Axin still faithfully reflect normal Wg signaling and may be the agent responsible for transducing the patterning information. Either Axin promotes subtle differences in Arm stability that are sufficient to direct cell-fate decisions, or some other aspect of the Arm protein is modified to produce the regulated response.
In either case, these results suggest that Wg signaling hinges on down-regulation of Axin, perhaps through degradation, and that this process is completely independent of Zw3 function. This is good news for the Wnt field, as Axin is the only intracellular component found to make direct contact with the cytoplasmic face of the receptor complex. Mao et al. It is striking that modest activation of Wg target gene expression is sufficient to pattern the epidermis. Segmental denticle belts alternating with naked cuticle are observed in wg axin double mutants [7] , just as has been observed for the wg dTCF double mutant [15] , where removing the repressor function of TCF reveals an underlying 'pre-pattern' of cell fates. These results suggest that a critical aspect of patterning is to limit excessive Wg signaling, which would redirect denticle-producing cells into the naked cuticle cell fate. This might account for the presence of two distinct mechanisms for down-regulating pathway activity, one involving Zw3 and one independent of it, that are required to produce the normal segmental pattern in the fly embryo.
